Abstract-It is shown that machines of the SI series for wear fatigue tests make it possible to measure the fric tion torque during rolling with a sufficient accuracy. For this purpose, methods for the calibration and deter mination of the accuracy of all parameters and characteristics being specified and measured are developed. A method for the determination of the coefficient of resistance to rolling depending on the value of the off con tact load is also developed and exemplified. Analysis of the experimental results and analytical description of the complex of these studies will be presented in subsequent papers.
INTRODUCTION
For more than 150 years, specialists have attributed friction characteristics only to the influence of the contact load during motion [1-7 and many others]. This is natural since friction units are characterized by the mutual motion (rotary, translatory, reciprocal, etc.) and contact of a body and counterbody. However, in the last quarter of the 20th century, researchers came to realize that friction processes in active systems (such as rail-wheel systems) evolve "against a background" of the alternating bulk deformation of at least one of the friction members, e.g., the rail in the above mentioned system [8] [9] [10] [11] . The general conclusion followed from this that alternating (cyclic) deformation may vary sub stantially friction and wear processes. Indeed, the authors of papers [12] [13] [14] showed that cyclic stresses resulting from bending and acting in the contact zone can, depending on the operating conditions, increase or reduce the friction force and coefficient by 5-60% or more. This means that the cyclic stresses can be consid ered as a controlling parameter for the friction pro cesses, on par with the contact load [8, 9] . Nevertheless, the lack of studies in this field and the problems which arise when analyzing the causes of the rail-wheel virus and operational failures of rail-wheel systems [15] [16] [17] [18] necessitate investigation of the influence of bulk defor mation on variations in the friction and wear character istics (the back effect in tribo fatigue [8] [9] [10] [11] [12] [13] [14] ).
The aim of the study is to develop a method for the experimental study of the influence of the stresses 1 A active system is a mechanical system in which the friction pro cess develops in all its manifestations and which simultaneously carries and transmits an alternating load (GOST 30638-99. Tribo Fatigue: Terms and Definitions).
induced by the off contact cyclic load on the coeffi cient of resistance to rolling in a shaft-roller active system, which simulates to a certain extent the basic conditions of the operation of the rail-wheel system.
MODELS UNDER TESTING The tests to study the regularities of the effect of cyclic stresses on friction force variation during rolling were carried out using the arrangements shown in Fig. 1 (model A) and (model B) . In the mechano roll ing fatigue tests (see Figs. 1b and 2b) , a cylindrical specimen-a shaft fixed in the spindle of the test machine-rotates with the angular velocity ω 1 . The bending load Q is applied to its free end; it is directed upwards or downwards. A counterspecimen-the roller-is pressed to the specimen under bending in the working zone by the contact load F N . Depending on the direction of the bending force Q, friction occurs either in the compression zone or in the tension one. In the contact fatigue tests, the bending load Q is not applied to the specimen; it is shortened to conserve material (Figs. 1a and 2a) . The difference between models A and B is that cross slip is free in model A since the curvature radius R 22 = ∞, while it is restricted in model B (R 22 = 10 mm). An important merit of models A and B for the purpose of mechano rolling fatigue tests (see Figs. 1b and 2b) is the possibility of the independent control over the values of the contact and cyclic-induced by bending-stresses, so that there ratio can be adjusted during tests. In addition, as it was mentioned, it is possible to implement rolling friction both in the zone of tension of the shaft being bent and in the zone of compression. A general advan tage of models A and B (see Figs. 1 and 2) is that the contact and mechano rolling fatigue tests involve objects whose standard sizes in the working zone are the same. This is of crucial importance for the correct comparison of the test results obtained under different conditions.
The shafts were made of steel 45 and the rollers of steel 25KhGT. The characteristics of the materials under testing and their states are presented in the Table. TEST METHOD AND PROCEDURE
The tests were carried out on a SI 03M machine for wear fatigue tests (Fig. 3) at a rotation frequency of 3000 min -1 and the normal temperature and air humidity in accordance with GOST 15150-69. The parameters of the test machine satisfy all requirements of GOST 30755-2001 [19] . Oil TAD 17I was supplied in the contact zone drop by drop. 
